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Abstract The physical nature of EIT waves, large-scale bright fronts propagating in the
solar corona, remains a subject of a continuing debate. Two main ways of interpreting this
phenomenon have been suggested. One of them describes an EIT wave as a fast mode mag-
netosonic wave freely propagating in the corona. The other interpretation does not consider
an EIT wave a true magnetohydrodynamic wave but instead invokes several possibilities
linked to the magnetic field restructuring during the coronal mass ejection (CME) evolution
in the low corona. We investigate an EIT wave observed by the SECCHI/EUVI telescopes
onboard the STEREO spacecraft on 8 December 2007. The wave front had a nearly symmet-
ric shape and exhibited a peculiar velocity profile measured by two independent methods.
After an initial short propagation at a speed of around 100 km s−1, the wave was moving
at a very low velocity (around 20 – 40 km s−1) for about 30 minutes, and then was reaccel-
erated up to speeds of around 200 km s−1. It is difficult to envisage such a velocity change
for a freely propagating coronal wave. However, such a behavior is possible, for example,
for erupting prominences. We conclude that this event provides observational evidence that
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even EIT waves with a symmetric front can be produced by a magnetic field restructuring
during the CME eruption.
Keywords Coronal mass ejections, low coronal signatures · Coronal mass ejections,
initiation and propagation
1. Introduction
A long-standing problem in the physics of the solar corona is the initiation of coronal mass
ejections (CMEs). The early stages of the CME initiation and development usually occur
behind the coronagraph’s occulter. One thus needs solar disk imaging to investigate the
large-scale evolution of the low corona during the CME initiation. The value of imaging the
low corona in the extreme ultraviolet (EUV) for detecting on-disk counterparts of CMEs
has been well recognized since the beginning of the regular “CME Watch” observing pro-
gram by the Extreme-ultraviolet Imaging Telescope (EIT; see Delaboudinière et al., 1995)
onboard the Solar and Heliospheric Observatory (SOHO). The uninterrupted high-cadence
observations (around 12 minutes) of the solar corona in the 195 Å bandpass (showing the
emission of plasma at temperatures around 1.5 MK) has allowed us to investigate the CME
initiation in detail (e.g., Delannée, Delaboudinière, and Lamy, 2000; Hudson and Cliver,
2001).
Among the low coronal phenomena observed in association with CMEs, EIT waves (so
named after EIT, the instrument used for their discovery) remain a subject of a continu-
ing debate, especially regarding their physical nature. An EIT wave is a propagating bright
front typically observed in the 195 Å channel of EIT (Thompson et al., 1998). We do not
consider here nonpropagating fronts that are sometimes also called EIT waves (Delannée
and Aulanier, 1999; Delannée, 2000). Observations by EIT and other imaging instruments
(Wills-Davey and Thompson, 1999; Zhukov and Auchère, 2004; Veronig, Temmer, and Vrš-
nak, 2008; Long et al., 2008) demonstrated that EIT waves can also be seen in other coronal
EUV bandpasses. Statistical studies showed a strong association of EIT waves with CMEs
(Biesecker et al., 2002; Chen, 2006). The association of EIT waves with similar phenomena
observed in Hα (Moreton waves; see Moreton and Ramsey, 1960; Eto et al., 2002; Warmuth
et al., 2004) or soft X rays (e.g., Khan and Hudson, 2000; Khan and Aurass, 2002; Narukage
et al., 2002; Warmuth, Mann, and Aurass, 2005) is still unclear.
Physical mechanisms invoked to interpret EIT waves can be divided into two large
groups. One of them treats EIT waves as true magnetohydrodynamic (MHD) waves. The
propagation of EIT waves along the solar surface (i.e., across the approximately vertical
coronal magnetic field) led to the hypothesis that an EIT wave is a fast-mode magnetosonic
wave. This interpretation is insensitive to the exact process of the wave generation. It may
be a pressure pulse associated with a solar flare (Wu et al., 2001; see also the Moreton wave
model by Uchida, 1968), or any short-lived disturbance produced by a CME (Wang, 2000),
for example, the initial lateral CME expansion that lasts for a limited time. Any such per-
turbation would propagate across the magnetic field lines as a fast magnetosonic wave. It
is essential that this wave be a freely propagating wave. It may or may not steepen to form
a fast mode shock (Vršnak and Lulic´, 2000; Pomoell, Vainio, and Kissmann, 2008). The
fast magneotosonic wave hypothesis (especially that of a wave produced by a flare) is a
natural explanation of the often-circular shape of EIT wave fronts. Arguments against the
wave models point at unrealistically low values of the Alfvén speed in the quiet Sun regions
(Wills-Davey, DeForest, and Stenflo, 2007) and often complicated morphologies of the EIT
wave front that look incompatible with a simple fast MHD wave (Delannée, 2000; Zhukov
and Auchère, 2004).
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Another point of view suggests that an EIT wave is not a true MHD wave but is instead
produced by the restructuring of the coronal magnetic field during initial stages of the CME
eruption. In the model by Chen et al. (2002), an EIT wave is a compression region produced
by the successive stretching (a term we prefer to use instead of “opening”) of expanding
magnetic field lines during the CME lifting. Delannée et al. (2008) have developed a model
in which an EIT wave is due to the compression and heating in expanding electric current
sheets at the boundary between the erupting flux rope and the ambient magnetic field. In
both cases the position of the EIT wave front is closely linked to the rate of the CME’s lat-
eral expansion. This point of view, however, has a difficulty in explaining an almost circular
(symmetric) shape of many EIT waves (including a classical example of 12 May 1997 de-
scribed by Thompson et al., 1998). The model by Chen et al. (2002) is two dimensional and
needs to be extended to three dimensions to explain the shape of the wave in the realistic
three-dimensional geometry. In the model by Delannée et al. (2008) the initial dimensions
of the erupting flux region were chosen in an ad hoc way to make the outer boundary of
the expanding flux rope nearly circular (when seen from the top). The fast MHD wave hy-
pothesis still looks very attractive for description of EIT waves with symmetric fronts. It is
also possible that EIT waves in different events may be produced by different mechanisms
(Zhukov and Auchère, 2004).
In this paper we present the observations of an EIT wave event on 8 December 2007
that was detected by SOHO/EIT and the Extreme Ultraviolet Imager (EUVI), which is a
part of the Sun Earth Connection Coronal and Heliospheric Investigation (SECCHI) suite
(see Howard et al., 2008) onboard the Solar TErrestrial RElations Observatory (STEREO)
mission (see Kaiser et al., 2008). In Section 2 we summarize the observations of the EIT
wave that had a symmetric front (i.e., it was propagating in all directions). We demonstrate
that its peculiar velocity profile can hardly be explained by the fast magnetosonic wave
hypothesis. We discuss our results and draw conclusions in Section 3.
2. Observations
We investigate the eruption that occurred on 8 December 2007, approximately between
17:00 UT and 19:00 UT. Both SOHO and STEREO missions observed this event in de-
tail. The eruption source region (NOAA Hα plage 10977 without sunspots) was located at
S05W26, as seen from the Earth (and SOHO), at Carrington longitude 114◦. The STEREO
Ahead (A) and Behind (B) spacecraft were situated 20.8◦ to the west and 21.7◦ to the east
of the Earth, respectively. Therefore, the Hα plage 10977 was located close to the central
meridian (approximately at W05) as seen from STEREO A and far to the west (approxi-
mately at W48) as seen from STEREO B. As seen in the EUV, the corona above the Hα
plage had a typical appearance of a small active region (see Figure 1a), so we will refer to it
as to an active region throughout the rest of the paper.
The eruption was not associated with a reported X-ray flare, although there was an in-
crease of the solar X-ray flux up to the A8.3 level (with the background at A4.2), peaking
at 18:13 UT (as detected by GOES-11). A typical postflare arcade was detected in the SEC-
CHI/EUVI data starting around 18:15 UT (Figure 1b). The visible-light coronagraph COR1
of the SECCHI suite (Howard et al., 2008) has detected an associated CME that first ap-
peared in the COR1 B field of view at 18:45 UT. It is interesting to note that the same CME
looks very weak in COR1 images taken from the A spacecraft. This corresponds well to
the apparent difference in the CME source region position as seen from the two STEREO
spacecraft: close to the disk center as seen from STEREO A and around 40◦ from the limb
as seen from STEREO B. Thomson scattering is more efficient for structures located closer
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Figure 1 NOAA Hα plage 10977 observed by STEREO A SECCHI/EUVI in the 195 Å bandpass on 8 De-
cember 2007. Panels (a) and (b) show the coronal morphology before and after the eruption.
to the plane of the sky (Billings, 1966). According to the Large Angle Spectroscopic Coron-
agraph (LASCO; see Brueckner et al., 1995) CME catalog1 (Yashiro et al., 2004), the CME
speed was around 348 km s−1 (projected on the SOHO plane of the sky), the CME central
position angle was 265◦, and the CME angular width was 79◦.
The SECCHI/EUVI data were taken at a higher cadence than the SOHO/EIT data:
10 minutes versus 12 minutes in the 195 Å bandpass and 2.5 minutes versus 6 hours in
the 171 Å bandpass. EUVI data thus give us an opportunity to observe the EIT wave nearly
simultaneously in two bandpasses (171 and 195 Å) at a cadence higher than that of EIT, so
we will use the EUVI data in this study. The dynamics of the wave front propagation can
then be studied in detail (see also Veronig, Temmer, and Vršnak, 2008). The cadence of ob-
servations in the 284 Å EUVI bandpass was lower (20 minutes) and the wave in the 304 Å
bandpass was not visible, so the data taken in these two bandpasses are not considered here.
Owing to the position of the active region close to the disk center as seen from STEREO
A (which minimizes the projection effects) and to the higher spatial resolution of the EUVI
telescope onboard STEREO A (compared to STEREO B) because of its closer distance to
the Sun (0.966662 AU for the A spacecraft versus 1.025682 AU for the B spacecraft), we
describe here the propagation of the EIT wave as seen by SECCHI/EUVI A. We, however,
checked the EUVI B data (as well as SOHO/EIT data) and found that the behavior of the
EIT wave was similar in all three data sets.
The EIT wave was well visible both in the 195 and 171 Å bandpasses of EUVI (Figure 2).
The temperature response of both bandpasses is relatively broad and overlapping (Howard
et al., 2008), with the 171 Å (195 Å) bandpass sensitivity peaking at temperatures around
1 MK (1.5 MK). The cadence in the 171 Å channel was significantly better than that in the
195 Å channel (2.5 and 10 minutes, respectively), but the wave front contrast was higher
in the 195 Å bandpass. This is in agreement with the result obtained by Wills-Davey and
Thompson (1999). Figure 3 shows the propagation of the EIT wave in running-difference
images (in which the previous image was subtracted from every image) as observed in the
1Available online at http://cdaw.gsfc.nasa.gov/CME_list/.
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Figure 2 STEREO A SECCHI/EUVI difference images of the EIT wave event on 8 December 2007. Panels
(a) and (b) show the wave front seen in the 195 and 171 Å bandpasses, respectively. The image contrast was
increased to make the weak wave front (indicated by white arrows) more visible.
195 Å bandpass. The wave is seen propagating in all directions from the active region and
is thus typical for events with a rather symmetric wave front (although the shape of the
front is not circular but rather ellipsoidal at early stages of its propagation). Nearly simul-
taneous images taken in the 171 and 195 Å bandpasses (Figure 2) demonstrate a certain
correspondence of wave front positions observed in both bandpasses, especially to the north
of the active region, although some parts of the wave front to the east and south of the active
region are almost invisible in the 171 Å bandpass.
We chose a direction (toward the north-northeast from the active region; see Figure 4)
along which the wave front is well visible in both bandpasses up to the largest distances
from the initiation site. This direction is representative enough as the wave front trajectories
along other directions look similar. We identified the wave front positions in every image.
The wave front is wide (around 40 Mm as seen in the 171 Å bandpass and around 80 Mm as
seen in the 195 Å bandpass), so we measured the position of the peak intensity across each
front and tracked its propagation in the chosen direction along the great circle on the solar
surface.
To increase the signal-to-noise ratio, we have rebinned the original images (of 2 048 ×
2 048 pixels) to the size of 1 024 × 1 024 pixels. The errors of our measurements are ac-
counted for by intrinsic uncertainty from the finite width of the weak, diffuse wave front,
which is often difficult to measure because of the noise. We estimate conservatively the error
bars of our measurements to be ±2 rebinned pixels (i.e., four EUVI pixels). One EUVI A
pixel corresponds to 1.6 arc sec (Howard et al., 2008), which on the day of observations
amounts to 1100 km at the solar disk center. We did not correct for solar rotation since it
is difficult to do given the finite (unknown) height range of the front. We estimate the solar
rotation to introduce uncertainties of the order of 300 km in 2.5 minutes (the cadence of
observations in the 171 Å bandpass), which is smaller than our error bars.
Figure 5 shows the distance – time plot for the wave propagation, in both the 171 and
195 Å bandpasses. The distances are measured from the point marked by a symbol “0” in
Figure 4 (but this point is not taken into account for speed calculations in the following).
The positions of the wave front in two bandpasses are very close in nearly simultaneous
images (separated by 30 seconds). The only exception may be our last measurement. The
wave front in the 171 Å bandpass can be last detected at 18:18:30 UT, whereas it is still
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Figure 3 STEREO A SECCHI/EUVI 195 Å running difference images of the EIT wave event on 8 Decem-
ber 2007. The image contrast was increased to make the weak wave front (indicated by white arrows) more
visible.
well visible in the 195 Å bandpass at 18:20:30 UT. Around that time the front became very
weak in the 171 Å bandpass, so its position is rather uncertain. These last measurements
of the wave front position around 18:18 – 18:20 UT are not significant for the overall wave
propagation.
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Figure 4 A part of the
STEREO A SECCHI/EUVI
195 Å difference image showing
the position of the EIT wave
front on 8 December 2007 at
17:25:30 UT. The dark arc is the
solar limb. The symbol “0”
marks the point from which the
distances are measured and the
cross marks the position of the
EIT wave front along the great
circle on the solar surface shown
with a white line.
Figure 5 Distance – time plot of the EIT wave propagation on 8 December 2007. The measurements were
performed in the north-northeast direction along the white line shown in Figure 4. Red (blue) symbols denote
the EIT wave front position observed in the 195 Å (171 Å) bandpass of the SECCHI/EUVI telescope onboard
STEREO A.
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Figure 6 Velocity – time plot of the EIT wave propagation on 8 December 2007. EIT wave speeds calculated
from consecutive measurements of the wave front position (shown in Figure 5) separately in the 195 Å (171 Å)
bandpass of the SECCHI/EUVI telescope onboard STEREO A are represented by red (blue) symbols.
Figure 6 shows the velocity – time plot. The wave speeds were derived from consecu-
tive wave positions in both bandpasses separately. A higher uncertainty for the speed at
18:09:00 UT results from measurements of the wave front position in two 171 Å images
taken with the interval of 30 seconds only (18:08:30 and 18:09:00 UT). It is clear from Fig-
ures 5 and 6 that the wave does not propagate at a constant velocity. Initially the wave
is observed propagating at a speed of around 100 km s−1. Shortly afterward (in around
3 minutes), the wave decelerated significantly. For almost 30 minutes, the wave front speed
was around 20 – 30 km s−1, which is close to a speed of zero if one takes into account the
error bars (see Figure 6). Around 17:55 UT the wave was reaccelerated and reached veloci-
ties around 300 km s−1. This speed is rather typical for EIT waves (see, e.g., Klassen et al.,
2000). After 18:10 UT the wave speed dropped to values below 200 km s−1.
The high-cadence data taken in the 171 Å bandpass allow us to use the technique of
Huygens plotting (Wills-Davey and Thompson, 1999; Wills-Davey, 2006) to measure the
evolution of the EIT wave speed in detail. We corrected the 171 Å images for the photo-
spheric differential rotation by de-rotating all images to 17:55:30 UT (approximately the
middle of the event). We then manually traced the wave front in every image (white lines
in Figure 7). We concentrated on the area to the north of the active region because the EIT
wave front is the strongest there and is visible up to the largest distances from the initiation
site.
We selected several representative points on the first front and tracked their trajectories
during the EIT wave propagation. By assuming that the wave front travels as efficiently as
possible, every selected point of the first front is mapped to the closest point in the next
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Figure 7 Huygens plotting of
the EIT wave front propagation
for the event of
8 December 2007. White lines
indicate the positions of the
171 Å fronts over time (with the
propagation direction being
outward from the active region).
The four labeled black lines
follow trajectories of four wave
front points. The background is a
part of the STEREO A
SECCHI/EUVI 171 Å image
taken at 17:23:30 UT and rotated
to 17:55:30 UT.
front. This procedure is continued until the last front is reached. We avoided selecting points
close to the ends of the tracked fronts. The resulting trajectories are shown with black lines
in Figure 7. The speeds were calculated along the trajectories of these four points and the
speed evolution is plotted in Figure 8. The speed error bars were calculated as previously
described.
Comparing four panels of Figure 8, we can readily see that the velocity evolution for
different points is qualitatively the same. The Huygens plotting technique independently
confirms measurements shown in Figure 6 as the velocity – time profiles in both figures are
very similar. The initial speed is around 100 km s−1. Shortly after the start, the wave speed
decreases to around 30 – 40 km s−1 and stays at this level for around 30 minutes. Then the
wave is accelerated to speeds of about 200 km s−1, and after reaching this peak value the
wave speed decreases again. The final observed values of the speed are around 100 km s−1.
The speed evolution for other points that may be selected on the first front is very similar.
We note that the wave speed is difficult to measure for the last two or three fronts as
the wave becomes very weak. Another uncertainty is the speed value at 18:09:00 UT. The
wave speed at that moment is off the scale of Figure 8 for all four selected points. This is,
however, most probably an artefact since the previous image was exceptionally taken only
30 seconds earlier (at 18:08:30 UT). The displacement of the diffuse front during so short
a time is difficult to measure against the noisy background and the speed is thus subject
to significant measurement errors. We also note that whereas the temporal resolution of
observations in the 171 Å bandpass (2.5 minutes) is increased by almost a factor of five
in comparison with a typical EIT cadence (12 minutes), the spatial resolution is nearly the
same since we had to rebin EUVI images to 1 024 × 1 024 pixels to increase a weak signal-
to-noise ratio. Insufficient spatial resolution limits the precision of the Huygens plotting
technique, which was successfully applied to high-cadence, high-spatial-resolution TRACE
observations (Wills-Davey and Thompson, 1999; Wills-Davey, 2006).
The velocity profiles shown in Figures 6 and 8 are unusual for EIT waves. Constant decel-
eration (Warmuth et al., 2004; Veronig, Temmer, and Vršnak, 2008), nearly constant speed
(White and Thompson, 2005), or irregular velocity profiles (Wills-Davey and Thompson,
1999) were reported for waves observed in Hα, EUV, and radio emission. But the velocity
change we describe here – decelerating nearly to zero after a short propagation and then
accelerating again – is observed, to our knowledge, for the first time.
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Figure 8 Velocity – time plot of
the EIT wave propagation
observed in the 171 Å bandpass
on 8 December 2007. The speeds
are calculated from consecutive
measurements of the wave front
position using Huygens plotting.
The four panels correspond to the
four trajectories labeled in
Figure 7.
3. Discussion and Conclusions
We now try to interpret the wave front propagation described in Section 2 using different
EIT wave models. Explaining the velocity profile of our event (Figure 6) in the framework
of the fast mode MHD wave appears to be very difficult. The propagation speed of the fast
magnetosonic wave across the magnetic field is always higher than the Alfvén speed. The
trajectory shown in Figure 5 should then reflect a rather special distribution of magnetic
field strength or coronal density around the active region, so that the local Alfvén speed
drops strongly to very low values (around 20 km s−1). Such values of the Alfvén speed are
not reported for the low coronal heights where EIT waves usually propagate (see, e.g., Evans
et al., 2008). Indeed, taking order of magnitude values for the coronal magnetic field in the
quiet Sun, B = 1 G, and a rather high (for the quiet Sun regions) density n = 109 cm−3,
we can estimate an Alfvén speed of vA = B/
√
4πmpn ∼ 70 km s−1 (where mp is the proton
mass). To reduce the Alfvén speed below that value would require either a further (unre-
alistic) increase of the coronal density or a decrease of coronal magnetic field. Figure 9
shows the Michelson and Doppler Imager (MDI; see Scherrer et al., 1995) pre-event pho-
tospheric magnetogram of the quiet Sun around the active region (where the observed EIT
wave nearly stopped) and a co-spatial EIT image of the corona taken nearly simultaneously
in the 195 Å bandpass. It demonstrates that the quiet Sun around the active region has usual
morphologies both in the photospheric magnetic field distribution and in the distribution of
dense coronal structures. No peculiar structures in the density (e.g., very bright regions) or
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Figure 8 (Continued.)
Figure 9 Nearly simultaneous images of the NOAA Hα plage 10977 taken by SOHO/EIT in the 195 Å band-
pass (a) and by SOHO/MDI (b). The bar on the right shows the scaling of the magnetic field strength in the
MDI image.
84 A.N. Zhukov et al.
magnetic field (very weak fields) can be noticed. We thus conclude that the EIT wave in this
event cannot be a fast-mode freely propagating MHD wave.
On the contrary, such a peculiar speed behavior can be explained if we assume that the
EIT wave in our event is not a true wave but is instead linked to the CME eruption. An EIT
wave in this interpretation may represent the compressed or heated material at the outer
edge of the CME flanks (Chen et al., 2002; Delannée et al., 2008). A plausible scenario of
the event can then be outlined as follows. The main magnetic flux system of the CME starts
erupting and in a short time reaches a certain height in the low corona. The initial stage of the
eruption can be accompanied by the lateral expansion as well (e.g., Delannée et al., 2008).
The EIT wave at the outer boundary of the CME will also then reach a certain distance from
the active region. Then the CME ascent may slow and nearly stop. Such a behavior is not un-
usual. Romano, Contarino, and Zuccarello (2003) have reported observations of an erupting
prominence that was initially destabilized by the kink instability and rose to a certain height
above the solar surface. It briefly stopped there but did not find a new equilibrium configura-
tion and subsequently erupted. The height – time curve in Figure 5 by Romano, Contarino,
and Zuccarello (2003) is remarkably similar to our Figure 5: the prominence rises during the
activation phase, remains at more or less the same height during the following 15 minutes,
and then continues its upward motion (eruption phase). In such a situation the speed profile
of the horizontal (along the solar surface) propagation of the EIT wave may resemble the
speed profile of the vertical (ascending) motion of the erupting filament. We note that this
scenario works regardless of the precise relation of the EIT wave to the CME; see the models
of Chen et al. (2002) and Delannée et al. (2008).
The EIT wave front in our event propagates in all directions (i.e., the wave front is rather
symmetric). Our results provide a strong indication that even a symmetric wave front shape
can be present in EIT waves produced by CMEs. The electric current shell model by Delan-
née et al. (2008) can describe such symmetric wave front shapes. A fully three dimensional
modeling of the EIT wave produced via the mechanism suggested by Chen et al. (2002) is
still not available.
In conclusion, our analysis of the symmetric EIT wave event on 8 December 2007 ob-
served at high spatial and temporal resolution by the SECCHI/EUVI telescope onboard
STEREO allows us to discard the freely propagating fast-mode MHD wave as a possible
source of the EIT wave disturbance in this event. Our results suggest that the explanation of
the EIT wave physical nature in terms of compression and/or heating at the expanding CME
flanks is more plausible.
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